The increased attention to tracking progress towards the Millennium Development Goals (MDG), including Goal 4 of reducing child mortality, has drawn attention to a number of interrelated technical, operational and political challenges and to the underlying weaknesses of country health information systems upon which reliable monitoring depends. Assessments of child mortality published in 2005, for almost all low-income countries, are based on an extrapolation of the trends observed during the 1990s, rather than on the empirical data for more recent years. The validity of the extrapolation depends on the quality and quantity of the data used, and many countries lack suitable data. In the long run, it is hoped that vital registration or sample registration systems will be established to monitor vital events in a sustainable way. However, in the short run, tracking child mortality in high-mortality countries will continue to rely on household surveys and extrapolations of historical trends. This will require more collaborative efforts both to collect data through initiatives to strengthen health information systems at the country level, and to harmonize the estimation process. The latter objective requires the continued activity of a coordinating group of international agencies and academics that aims to produce transparent estimates -through the consistent application of an agreed-upon methodology -for monitoring at the international level.
Introduction
The Millennium Development Goals (MDGs) aim to reduce the striking inequalities between the rich and poor countries, and between the rich and poor populations within countries. 1 A set of indicators has been selected to monitor progress towards achieving these goals. One of the most prominent goals for 2015 (MDG-4) is the reduction of child mortality by two-thirds from the level in 1990.
Child mortality rates can be es--timated using data from a variety of sources, including population censuses, vital statistics systems and household surveys. Since the early 1990s, household surveys have become an increasingly im--portant source of data for assessing and monitoring progress in improving child survival in low-and middle-income countries. 2 Estimates of child mortality trends based on various data sources and different estimation methods are regu--larly published. 2, 3 Reports on progress in child survival by country, based on such estimates, are published annually and trends are extrapolated to assess whether or not the MDG is likely to be achieved. [4] [5] [6] [7] An important strength of the MDGs is the attention now being given to measurable indicators of progress and an institutionalized system of report--ing. Increased commitment to tracking progress in child mortality has drawn attention to a number of interrelated technical, operational and political chal--lenges and to the underlying weaknesses of health information systems in many countries, upon which reliable monitor--ing depends. This paper discusses the
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Monitoring progress: technical challenges
From a technical perspective, the sim--plicity and focus of the MDG indicators masks some significant challenges. In high-mortality countries, health infor--mation systems, having suffered from a history of underinvestment, are too weak and fragmented to routinely generate estimates. 8, 9 Furthermore, many healthrelated MDG indicators are difficult to measure and the trends to which the MDGs on health allude are impossible to monitor because of the lack of a suit--able 1990 baseline. 10 The mortality rate in under-5-year-olds (U5MR), in terms of which the target for MDG 4 is de--fined, is however one of the better MDG targets because extensive data are avail--able and it is relatively easy to measure.
Estimates of child mortality, togeth--er with expected trends, are published regularly, usually annually, by various international organizations. [5] [6] [7] 11, 12 How--ever, readers are generally not informed about the sources of data and methods of estimation. The underlying methodology is generally explained only in footnotes that sometimes include information on the availability of the empirical data that underlie the estimates. This gives readers the false impression that the progress to--wards reducing child mortality is moni--tored annually with great accuracy.
Data availability
Reliable annual reporting on mortality -number of deaths by age, sex and cause -is possible only where there is comprehensive and accurate record--ing of births and deaths through a civil registration system. Such a system ex--ists in only 72 countries representing around one third of the world's popu--lation and primarily the high-income countries. 13, 14 For the other two thirds of the world, figures for child mortality are usually derived from estimates, based on the extrapolation of past trends or on modelling. The world health report 2005 -Make every mother and child count summarizes data availability and shows the extent to which estimates of child mortality in developing countries, for recent years, rely on extrapolations of past trends rather than on empirical data.
13 Table 1 summarizes the median es--timates of the U5MR for 2003 and data availability for WHO's 192 Member States by quintiles of the U5MR. There are four primary sources of empirical data for the U5MR: vital statistics sys--tems based on civil registration, sample registration systems, household surveys and censuses. Vital registration or sample registration systems provide numbers of deaths by age and sex obtained by direct reporting of individual deaths shortly af--ter they occur. These are usually reported on an annual or biennial basis for a single a Under-five mortality rate is the probability (expressed per 1000 live births) of a child born in a specific year dying before reaching five years of age according to current age-specific mortality rates. b The columns "VSS" (vital statistics with civil registration/sample registration system) show the number of countries which have at least one data point from either system, available at WHO. c The columns "Survey/census" show the number of countries which have at least one data point from either surveys or censuses with child mortality data available at WHO; only the most recent estimates are taken into account from each. Source: (13) In the case of a survey or a census, the empirical data are based on retro--spective data. Interviews, usually with the mother, provide information on the survival history of children in the household. Mortality information may be gathered for a specific period prior to the census or survey interview (although this approach is not recommended), through a full birth history that records the date of birth and, if appropriate, the age at death of each child, or through questions on the aggregate numbers of children ever born to the respondent and children still alive. 2 It should be noted that a single survey generally provides multiple estimates for different points in time prior to the survey. Table 1 shows that the higher the estimated mortality the fewer the recent data points. Whereas vital registration data are available on an annual basis in countries with lower mortality, almost all estimates of child mortality in highmortality countries rely on extrapola--tions of past trends rather than empiri--cally observed data. 2 The global progress on MDGs clearly depends on the trends in child mortality in such countries. This lack of empirical data is partly the result of data collection being infrequent in high-mortality low-income countries. Fig. 1 shows the data collection ef--fort in countries by the U5MR quintile from 1950 to 2000. The number of countries in the Q1 group with data collected for a given year approached 100% in the early 1980s. The number
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Tracking progress on child mortality of countries with data in the Q2-Q4 groups has increased since 1980 and has stabilized to a range between 90% for the Q2 group and slightly over 50% for the Q4 group. The Q5 group has shown only a gradual increase of countries with data to about 25%. The United Nations Children's Fund (UNICEF) Multiple Indicator Cluster Surveys (MICS) con--tributed to the large increase in the data collected in 2000.
The limited availability of empirical data on recent U5MR levels in highmortality countries is partly because in--formation on child mortality in surveys and censuses is collected retrospectively and refers to a specific period prior to the census or survey interview. 13 In general, the time-lag between data collection and publication is approximately two years for vital statistics, but tends to average four years or longer for household sur--veys because of this additional reference period. As of April 2005, the median of the mid-point of the most recent em--pirical child mortality data lies six years prior to 2004 for household surveys or censuses in 123 countries, whereas the vital registration data are now available, on average, up to 2001. 11, 16 Therefore, at best, the data used for estimating child mortality in 2003 in virtually all low-and many middle-income coun--tries tell us what was happening in the late 1990s, the remainder being based largely on extrapolations using even older data. For most countries, whether or not they are on track to reach the MDGs is determined by an extrapo--lation of the trends observed during the 1990s with a baseline estimate for 1990. New data collection initiatives in the new millennium are beginning to provide data to increase our confidence in both the recent and the 1990 baseline estimates.
Source: (15) . Fig. 2 ). However, there is a large discrep--ancy between the estimates obtained by extrapolations and survey estimates in countries such as Nigeria (Fig. 3) , where extrapolated figures showed a steady de--cline in child mortality, whereas recent 
Validity of extrapolation models
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Tracking progress on child mortality Child Mortality Coordination Group empirical data suggest that mortality was in fact higher and showing no sign of decline across the period. Conversely, in the United Republic of Tanzania, the ex--trapolated model suggested unchanged child mortality levels during the 1990s, although recent data seem to support the hypothesis that child mortality has declined steadily as shown in Fig. 4 . The validity of extrapolations clearly depends on the quality and quantity of input data, and there is a need to strengthen the empirical basis for esti--mation of mortality in countries with fewer and less consistent data. The qual--ity of input data used to generate child mortality estimates and to populate and validate models is improving. Better empirical data support better modelling efforts and vice versa. We need the two to complement one another.
Improved data collection methods
Point estimates of mortality in children under five years old will obviously be improved if data are collected more fre--quently. However, the quality of the data is equally important. So what are the op--tions? Given the difficulty of implement--ing a fully functioning vital registration system -the gold standard of mortal--ity data -sample vital registration has been proposed as an interim solution to strengthen both the quantity and qual--ity of mortality information. 20 However, aside from successful implementation in India (and perhaps China), setting up a representative sample registration system requires a pre-existing registration system and substantial resources to sustain the activities.
Although such efforts should be made as a part of a long-term commit--ment to strengthening country health information systems, it would be difficult for high-mortality countries to imple--ment them in a relatively short time. Population censuses provide a good op--portunity to gather data nationwide, but the interval between censuses -gener--ally only once every 10 years -is too long for monitoring the U5MR. Thus, in the absence of a system that routinely provides reliable enumeration of vital events at the national level, household surveys remain the major tool for assess--ing recent child mortality levels.
Currently, the most common ap--proach used in household surveys is to include a full birth history from which direct estimates of child mortality can be obtained. However, household surveys using direct estimation require intensive training and supervision of interviewers and are thus expensive. The estimates are also known to be prone to some systematic errors that may result in an artificially low estimate of U5MR for the most recent period.
Household surveys also require relatively large sample sizes to provide statistically reliable estimates. The prob--lem of wide confidence intervals is not simply that such estimates are imprecise. They may also lead to inappropriate in--terpretation of the figures. For example, using point estimates for child mortality may give the impression that the U5MRs are substantially different in different settings or at different times whereas, in fact, such differences may not be statisti--cally significant because the confidence intervals overlap.
The uncertainty ranges for the point estimates directly derived from surveys or vital registration systems are often presented by taking into account errors due to a finite sample size. On the other hand, the trend line fitted by the standard method does not necessarily en--compass all uncertainties associated with estimates, because many data sources are affected by systematic errors (bias) as well as random errors (sampling). Therefore, the extrapolation line should be inter--preted with great caution. 
Age patterns of child mortality
MDG-4 deals with mortality in children aged under five years, primarily because it reflects overall child mortality and can be measured more accurately and reliably than, for example, the infant mortality rate. On the other hand, there is a grow--ing interest in determining age-specific mortality among neonates, infants and children aged 1-4 years. First, empirical data suggest that U5MR is generally a good predictor of infant mortality except in some countries in western Africa. Second, as U5MR declines, the propor--tion of deaths of infants under one year of age, and particularly the proportion of deaths among neonates, increases. In fact, nearly 4 million neonatal deaths occur annually worldwide, now account--ing for an estimated 37% of all deaths in children aged under five years. 13, 21 To achieve the MDG-4, the reduction of deaths in the first year of life is crucial, in particular the reduction of deaths among neonates. 22 Data sources for estimating infant mortality and neonatal mortality are largely the same as for U5MR; they come primarily from household surveys and in some cases from vital statistics. However, the empirical basis for agespecific mortality rates is more limited.
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Better insight into the age patterns of mortality may enable some cause-specific patterns to be identified and, hence, lead
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Tracking progress on child mortality to a better understanding of the epide--miological transition i.e. the systematic shift in cause-of-death patterns, within childhood mortality. The standard approach to develop--ing extrapolated estimates of mortality in the first year of life is to derive in--fant mortality rates from extrapolated U5MRs using Coale-Demeny model life tables. 2 However, because many countries (particularly in sub-Saharan Africa) no longer fit the model life tables, the approach needs to be modified, in--cluding updating the model life tables to reflect patterns observed in recent data, re-assessing the general relationship between infant mortality and U5MRs, and establishing a rule for how best to smooth out the "heaping" (the tendency to report deaths occurring at around 12 months as occurring at exactly 12 months) at age one. Further work on age-specific mortality rates, possibly coupled with an analysis of cause-ofdeath structure, should be a priority for assessing child mortality.
Political challenges: towards consistent estimates across international agencies
In the past, readers of annual reports published by different UN agencies were often confused by the inconsistencies be--tween the figures given for some countries in the various reports. This was because, prior to 2004, the U5MR was estimated with some degree of independence by UNICEF, WHO, the World Bank and the United Nations Population Divi--sion, leading to each producing different figures (Table 2) . 5, 7, 12, 13 Such a discrepancy is not surprising because the estimates would be substantially different depend--ing on the data used and the extrapolation methodology selected. For example, more recent data are not necessarily shared by all agencies. Until recently, WHO put more weight on data from vital registra--tion whereas other agencies weighted survey data more heavily.
However, it is imperative that the international agencies disseminate in--ternally consistent estimates on child mortality to enhance appropriate use of such figures in MDG monitoring and evaluation, and policy formulation. In--deed, there is an urgent need to develop a system through which the international agencies will speak with a single voice and produce estimates that are consistent across agencies. It is also essential that these estimates be of the highest possible quality, use transparent methods and are developed and reviewed by an independent expert group. As a step towards this goal, four UN agencies responsible for monitoring child mortality trends have established the Child Mortality Coordination Group. This group aims to conduct a critical re--view of current procedures used in each institution for compiling data and arriv--ing at oint estimates; to discuss mecha--nisms for data distribution that would ensure that each organization has all available data (e.g. from DHS, MICS, the World Bank's Living Standards Measurement Study, vital statistics, censuses and other sources) as soon as they become publicly available; and to harmonize and coordinate the estimation and pro--jection methodology and results.
Since inception, the Coordination Group has been actively working to har--monize and carry out joint estimations. Starting from empirical data and standard regression output for extrapolations, 2 each country-by-country estimate is critically reviewed. If a discrepancy remains, more detailed assessments of the quality of input data and the appropriateness of sta--tistical methods are carried out (Table 2) . Through this process, UNICEF, WHO, the World Bank and the United Nations Population Division have been working towards jointly producing a consistent set of U5MRs by country. To this end, several reports have recently been pub--lished based on such mortality rates for the period 1990-2003. 13, [23] [24] [25] The Group has initiated joint activi--ties on a regular basis to improve estima--tion through reviews of currently-used methods, and as means of improvement: creation of a common database; and more focus on country capacity-building and training to improve data availability and quality, including workshops for the regions with weaker health information systems. One of the major efforts of this Coordination Group is to set up a com--mon database, including input data from agencies and institutions specializing in different sources of mortality data (cen--suses, vital statistics and household sur--veys), metadata and estimation processes. By doing so, the estimation process will be reproducible and eventually become publicly available to ensure its transpar--ency and accuracy.
UNICEF, WHO and partners in the Coordination Group have also begun to develop a common metric of uncertainty that can be used in future mortality es--timates. The process builds on previous work by various groups and organiza--tions and will lead to production of a set of guidelines and standards for cal--culating uncertainty associated with an estimate. These approaches will provide not only comparable mortality estimates, but also comparable data on the uncer--
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Policy challenges
From a policy perspective, child mortality has played an important role in drawing attention to the needs of children and to monitoring the responses at global and country levels. However, there are inher--ent tensions in the monitoring process that need to be managed.
One tension is the balance between global and country reporting. From a global perspective, the emphasis is on comparability between countries, to identify which countries are on track to achieve the goals and which are falter--ing. From this perspective, it is critical that the measure of child mortality be generated using standardized definitions and data collection approaches and that there be agreed methods for filling gaps in data. However, from a country per--spective, comparability is less relevant than ownership and representativeness. At the country level, policy-makers need to be able to monitor the effectiveness of their policies and programmes -what works to reduce child mortality and what does not -for which the evidence base is quite limited.
Ideally, the identification and gener--ation of global indicators should respond to country needs and emanate from country health information systems. In practice, global and country needs do not necessarily coincide in the same indicators. Part of the difficulty is that, for many indicators, those which are most needed at the country level and are most relevant to improving performance may not be the same as those selected for global tracking.
A related consideration is the com--plexity of strengthening technical capac--ity at the country level. Global reporting requires standardized and comparable measures of child mortality; in the ab--sence of data from civil or sample regis--tration, the most feasible way of moni--toring progress is household surveys. On the other hand, countries require the development of long-term systems for monitoring their own progress.
An added level of complexity relates to the relevance of child mortality at the sub-national level, an issue that has generated considerable discussion in the context of equity. Achieving the MDG-4 at the national level is not the same as achieving the goal for all, or even most, of the children in a country. Although the global health community has neces--sarily focused mainly on the national level in the context of global reporting, there is an urgent need within countries to address progress among particular subpopulations or in particular areas of the country.
27,28
Better opportunity to improve child mortality tracking
Notwithstanding the practical difficulties and political implications, the MDGs have succeeded in focusing attention on the importance of sound data as a basis for making decisions on public policy. MDGs have built considerable momen--tum and generated real commitment to addressing global challenges, 8 but the demand to know the present position on one of the primary progress indicators -child mortality -has distorted the assessment of progress. The assessment of whether countries were on track to reach the goals in 2005, is for almost all low-income countries simply an extrapo--lation of the trends observed during the 1990s, and there is an urgent need for more up-to-date empirical bases.
The current global preoccupation with outcomes-based development, in--cluding MDG targets, may inadvertently aggravate the situation where countries and donors invest in data collection in an inefficient and unsystematic way. 29 The supply side is also proliferating, with more resources being allocated to health information and statistics, includ--ing establishment of the Health Metrics Network and the Ellison Institute. 30, 31 There is now a great opportunity to im--prove both the quality and quantity of health statistics by expanding the current collaborative efforts among UN agencies and research partners.
Countries are the major produc--ers and users of health information. The efforts to harmonize and improve child mortality estimates, exemplified by the activities of the Child Mortality Coordination Group, will need to be stepped up to provide technical and other assistance to countries to strengthen their capacity to collect and assess data. A long terme, on espère que des registres d'état civil ou des systèmes d'enregistrement par sondage des faits d'état civil seront mis en place pour assurer un suivi durable des faits d'état civil. A court terme cependant, le suivi de la mortalité juvénile dans les pays où la mortalité est élevée continuera de reposer sur des enquêtes auprès des ménages et sur des extrapolations à partir de tendances antérieures. Cette situation exigera donc une plus grande collaboration dans la collecte des données qui passera par des initiatives pour renforcer les systèmes d'information sanitaire des pays et pour harmoniser les procédures d'estimation. Ce dernier objectif suppose l'intervention continue d'un groupe coordonnateur, composé d'agences internationales et d'universitaires, pour obtenir des estimations transparentes, grâce à l'application systématique d'une méthodologie convenue pour la surveillance à l'échelle internationale.
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Conclusions
The increased attention to tracking progress in child mortality has drawn attention to a number of interrelated technical, operational and political chal--lenges and to the underlying weaknesses of country health information systems upon which reliable monitoring de--pends. The good news concerning child mortality and other health MDGs is that monitoring progress is being taken much more seriously, which has led to harmonization, emphasis on data avail--ability and quality, and the establishment of reference and coordination groups for monitoring and evaluation, and initia--tives on health information. Such an effort is particularly important in the current global health arena where the health situation in low-and middleincome countries has become more complex, with health transitions mov--ing at different speeds and in different directions between and within countries leading to a heterogeneous picture of health and mortality. O
